ABSTRACT Aim: More infants born extremely preterm (EPT) are surviving, but major neonatal morbidities are consistently high. This study examined the impact of bronchopulmonary dysplasia (BPD), brain injuries and severe retinopathy of prematurity (ROP) on adolescents who were born EPT.
INTRODUCTION
Significant improvements in perinatal care and immediate resuscitation at birth have led to marked increases in the survival of extremely premature (EPT) infants born at <26 weeks of gestation (1, 2) . There are ongoing concerns about high rates of neonatal morbidities in infants born EPT and uncertainty about the extent to which these predict poor long-term outcomes. Studies have shown that adverse long-term outcomes, including neurosensory and cognitive deficits, are increased in children with bronchopulmonary dysplasia (BPD) (3, 4) , severe periventricular, intraventricular haemorrhages (5, 6) and severe retinopathy of prematurity (ROP) (7, 8) . Research has shown that approximately half of the adolescents born EPT, but without major neurosensory impairments (NSI), have subtle cognitive, motor and behavioural impairments. Different needs, define special healthcare requirements at middleschool age and improve parental counselling. We previously reported short-term outcomes in a cohort born at 23-25 weeks in two regional centres that provided active perinatal care to all infants born alive at at least 23 weeks (16) . The aim of this study was to evaluate the impact of BPD, severe ROP and brain injuries on long-term outcomes in a cohort of EPT survivors at 10-15 years of age.
METHODS
The study population comprised all EPT infants born at 23-25 weeks of gestation at the Swedish university hospitals in Uppsala and Ume a between January 1992 and December 1998 and followed up to 10-15 years of age. Figure 1 shows the cohort selection and follow-up. The neonatal intensive care units of these perinatal referral centres serve the Uppsala region and northern Sweden, and 179 246 children were born in the two regions during the study period. These included 213 live births at 23-25 weeks of gestation at the two hospitals, and 142 (67%) survived to a postmenstrual age (PMA) of 36 weeks. We received parental permission to use the data on 140 of these infants. However, eight (6%) died in the postneonatal period, with all deaths occurring in the first year of life. Only infants who survived up to 36 weeks of PMA were included in this study, as those who died younger did not survive long enough to develop morbidities of any significance. We identified all of the 134 survivors at a mean age of 12 years (range [10] [11] [12] [13] [14] [15] . All of them were eligible to participate, but the parents of two children refused. This means that the data for poor outcome were available for 132 of the 134 (99%) survivors and for the eight infants who died, giving us a cohort of 140 infants. We also had data on the consequences of chronic conditions for the 132 (99%) survivors, which were based on parental reports.
Recruitment procedure
The recruitment procedures for this study have previously been described (17) . After we obtained consent from the families of the study children, they were contacted by the research nurse, who explained the procedure and study protocol. The study was approved by the Regional Ethical Review Board of Umea, Sweden.
Neonatal morbidities
The perinatal characteristics of the cohort have previously been described, together with the neonatal and neurodevelopmental outcomes and the chronic conditions in adolescence (16) (17) (18) (19) . Cranial ultrasonography was performed on all 140 infants at least twice in the 3-10 days after birth and repeated between days 21 and 35 and before discharge at 35-40 weeks of gestation. The following lesions indicated a brain injury: grade 3 or 4 intraventricular haemorrhage (IVH), cystic periventricular leukomalacia and porencephalic cysts. ROP was scored from stages 1-4 (20) , and severe retinopathy was defined as a bilateral disease of more than stage 3 or receiving retinal therapy. BPD was defined as the need for supplemental oxygen at a corrected age of 36 weeks of PMA.
Outcome at 12 years of age We examined the association between BPD, severe ROP and brain injuries and two types of outcomes. The first was poor outcome, defined as late death after 36 weeks of PMA or severe neurodevelopmental disability (NDD) in adolescent survivors. The second was the consequences of chronic conditions at 10-15 years of age. We have previously described the methods for identifying and characterising NSIs and NDDs and the consequences of chronic conditions, such as functional limitations, compensatory dependency needs and service use over and above routine provision, in the survivors at 10-15 years of age (17, 18) .
Poor outcome
Cognitive function in the EPT children was classified according to the means and standard deviations, which were assessed using the Wechsler Intelligence Scale for Children -Third Edition -Revised (21). Severe cognitive disability was defined as a score of <À3 SD compared to the control group who were born at term and had an full-scale 179,247 live births in the Uppsala and Northern Swedish regions during the January 1992-December 1998 study period 261 (0.15%) live births at 23-25 weeks of gestation in the two regions during the study period 213 live births at 23-25 weeks were at the university hospitals of Uppsala and Umeå -82% of those at that age in the region -plus 11 still births during the study period.
142/213 survivors at 36 weeks of PMA (67% of all live births in the two hospitals). 8/142 died after 36 weeks' PMA 134/213 survivors at 10 to 15 years of age (63% of all live births in the two hospitals). Two families refused to participate at both stages leaving 140 and 132.
Assessed relationship between major neonatal morbidities, BPD, brain injuries and severe ROP based on two outcomes: 1) Poor outcome (late death after 36 weeks of PMA or a severe disability at 10-15 years) in 99% of cases (n = 140) 2) Consequences of chronic condition in 99% of all survivors at 10-15 years (n = 132) Figure 1 Flow chart showing selection of the study population, who were assessed and had a successful follow-up. PMA = Postmenstrual age.
intelligence quotient of up to 56 (17 If the respondent reports that the child experiences those consequences, the interviewer moves to the second level of the sequence, which asks whether the consequence is the result of medical, behavioural or other health conditions. If the parent or parents answer yes to the second part of the question, the interviewer proceeds to the final part of the question, which applies to the duration, or expected duration, of 12 months. A child must qualify in each component of at least one question sequence to be identified as having a chronic condition. We asked the parents about additional details of the reported conditions and therapies that were provided. Detailed interviews were conducted, and if the need arose, we carried out one or more follow-up interviews with the families during the study period. The QUICCC was used to interview a parent or primary caregiver, usually the mother. Seventy percentage of the EPT parents and 65% of the control parents were interviewed by telephone by the first author, whereas 30 and 35%, respectively, were interviewed at schools by a research nurse or psychologist. The QUICCC has been validated and shown to have good reliability, with a positive predictive value of 86% and a negative predictive value of 92% (23) .
Statistical analysis
Data were collected on standardised forms and analysed with SPSS, version 24.0 (IBM Corp, New York, NY, USA).
The assessment data for each EPT child were examined and then combined with the data from the previous studies for the analysis (16, 17) . Differences in dichotomous outcomes between the groups were analysed with chi-square tests or Fisher's exact test. Continuous outcome measures were compared with unpaired Student's t-tests for the differences between the means. Exact 95% confidence intervals (95% CI) were computed around the observed proportions of outcomes. Multivariable logistic regression analyses were used to estimate the independent effects of BPD, severe ROP and brain injuries on two types of outcomes at 12 years of age: poor outcome and the consequences of chronic conditions. p values of <0.05 were considered significant. Table 1 lists the perinatal data and socio-demographic characteristics of the 140 EPT children and their mothers, and shows that 29 (21%) of the children had poor outcomes, namely a late death after 36 weeks of PMA or a severe NDD at a mean age of 12 years. We found that eight of the 29 children with poor outcomes died after 36 weeks of PMA and the other 21 had at least one severe NDD, namely disabling cerebral palsy, severe visual impairment, profound hearing loss or deafness or a severe cognitive disability of <À3 SD of the term-born full-scale intelligence quotient of up to 56 (17) . The majority of the EPT survivors (84%) survived without a severe NDD. The primary cause of the eight of 140 deaths that occurred after 36 weeks of PMA, after the neonatal period, was BPD in four cases, BPD plus a brain injury in two cases and two deaths due to a severe brain injury in association with sepsis and the respiratory syncytial virus infection. Of the 18 children with severe cognitive disabilities, six had disabling cerebral palsy, two had severe visual impairment or bilateral blindness, and two were deaf (17) . Univariate analyses revealed that poor outcome rates were not significantly different between the 63 children born at 23-24 weeks and the 77 born at 25 weeks (25% vs 17%, p = 0.29) or the 82 children born with birthweight <750 g and the 58 born with birthweight of 750 g or more (24% vs 18%, p = 0.20). The corresponding rates in the EPT girls and the EPT boys were 15% versus 27%, respectively (p = 0.09).
RESULTS

Neonatal morbidities and poor outcome at 10-15 years
Of the 140 children, 62 (44%) had BPD, 27 (19%) had severe ROP, and 14 (10%) had serious brain injuries during the neonatal period. Table 2 shows the relationship between a single neonatal morbidity, different combinations of the three morbidities or all three morbidities and poor outcome, which was defined as late death after 36 weeks of PMA, or severe NDD at 10-15 years of age. Each of these morbidities was associated with poor outcomes in the univariate analyses (Table 2 ). In the multivariable logistic regression analyses (Table 3) , BPD, severe ROP and brain injuries were independently associated with poor outcome and these findings were not altered when the analysis was restricted to EPT adolescents with severe NDD. The adjusted odds ratios for severe NDD were similar to those for poor outcome at 4.2 for BPD, 3.2 for severe ROP and 5.4 for brain injuries (Table 3) . Gestational age, sex or birthweight did not influence the chance of having a poor outcome or severe NDD (Table 3) . The most prevalent single morbidity was BPD, in 39 cases, and it was unusual for the other two major morbidities to be present on their own, with just severe ROP in nine cases and a severe brain injury in one case. Only six of 140 (4%) infants developed all three. We examined the relationship between neonatal morbidities and all the components of severe NDD and showed that of the 38 adolescents who were born EPT and only had BPD, 21% had severe cognitive impairment, 5% had disabling cerebral palsy, and 3% had severe visual impairment and deafness. The p values for all of these factors were not significant (Table S1 ). The number of adolescents born EPT who only had ROP or only had a brain injury was too low to draw any valid associations with severe NDD or its components (Table S1 ).
The risk of poor outcome, late death after 36 weeks of PMA or severe NDD at 10-15 years, was 4/67 (6%) with a 95% CI of 1-22% in children with none of these neonatal morbidities, 13/49 (27%, 95% CI 14-39%) in children with one morbidity, 7/18 (39%, 95% CI 14-64%) with any two and 5/6 (83%, 95% CI 40-100%) with all three ( Table 2 ). The risk of having a severe NDD in survivors with none of these morbidities was 6%, any one was 21%, any two was 33%, and all three was 67% (Table 2) .
Birthweight, sex, gestational age and poor outcome The independent association between the morbidity count and poor outcome was not influenced by birthweight, up to, or over, 750 g, having a gestational age of 23 or 24 weeks versus 25 or sex. A logistic model was fitted for each of these three perinatal confounders, which contained terms for the morbidity count, a respective covariate and an interaction term. The association between the morbidity count and poor outcome remained strong (p < 0.001) in all three models (Table 3) . None of the interactions were significant. Our findings revealed that the morbidity count was independently associated with poor outcome in each of the two strata of birthweight, gestational age and sex (Fig. 2) .
Neonatal morbidities and consequences of chronic conditions An earlier study on this cohort showed that significantly more EPT children than term-born controls had chronic conditions, including functional limitations (47% vs 6%), compensatory dependency needs (59% vs 27%) and services above those routinely required by children (64% vs 25%) (18) . That study found that severe functional limitations affected just 7/132 (5%) EPT children with NSI at 10-15 years of age and these included being blind, difficulties with feeding, dressing and washing or being unable to walk (18) . Table 4 shows the consequences of chronic conditions identified in the three QUICCC domains in children with BPD, severe ROP and brain injuries, based on 132 of 134 (99%) survivors at 10-15 years as two declined to take part.
The number with at least one functional limitation was significantly higher in those with BPD and brain injuries in the total cohort. This was also true of the NSI-free EPT group with BPD (Table 4) . A significantly higher percentage of those with severe ROP and brain injuries needed extra Severe neurodevelopmental disability was defined as severe neurosensory impairment, namely one or more of the following: disabling cerebral palsy, blindness, severe visual impairment (visual acuity <0.05 in the better eye), deafness or auditory impairment (not corrected fully by bilateral hearing aids or a cochlear implant) or severe cognitive impairment (full-scale intelligence quotient score of < À3 SD relative to the previously published term control group) (17) .
services to assist them with their daily life (Table 4) . Multivariable logistic regression analysis revealed that BPD and brain injuries were associated with at least one functional limitation, as a consequence of chronic conditions, and these were identified in all three of the QUICCC domains in our study. When the analysis was repeated in the NSI-free group, BPD retained its significant association with at least one consequence of the chronic conditions identified in all three domains of the QUICCC. Having a birthweight, of up to 750 g, was significantly related to the presence of at least one consequence of chronic conditions in all three QUICCC domains in the whole cohort and in the NSI-free children (Table 5) . NSI-free children born at 25 weeks had a significantly lower risk of having at least one consequence of chronic conditions in all three domains (adjusted odds ratio 0.47, p = 0.047) ( Table 5) .
DISCUSSION
This study assessed the relationship between major neonatal morbidities and poor outcome, which were defined as late death or severe NDD after 36 weeks of PMA and functional limitations and special healthcare needs in adolescents born EPT when they reached 10-15 years of age. We chose BPD, severe ROP and brain injuries as indicators of poor outcome and functional health status, as they are known risk factors. Although necrotising enterocolitis and sepsis have been associated with an increased risk of late death or impairment, these have proved to be weaker predictors of poor outcome than BPD, brain injuries and severe ROP (24) and were not included in the analyses. We believe that this was the first study to examine the combined effects of three common major neonatal morbidities in adolescents who received active perinatal care after being born EPT. The study strengths were an excellent follow-up rate, narrow gestational age span and gestational age-based data. Possible limitations included the relatively small sample size, which might have increased the risk for type II errors. Random statistical significance as a result of multiple testing, which is a type 1 error, may also have occurred. Despite this, the main results were consistent, valid and robust.
In our cohort, the individual estimates of poor outcome in adolescence that were associated with BPD, severe ROP and brain injuries were comparable to a number of reports on the long-term follow-up of children who were born at later gestational ages and followed up at a much younger age (25) (26) (27) . However, the clinical usefulness of those risk estimates for poor outcome was limited by their modest predictive accuracy. For example, 64% of EPT children who had brain injuries had a poor outcome, and conversely, 16% who did not develop brain injuries died or survived with a severe NDD. Furthermore, 17% of EPT children with all three morbidities did not develop poor outcomes. Similar findings were reported in two of the above studies, both by Schmidt et al., (25, 27) which were multicentre studies that focused on large populations of extremely low birthweight children at 18 months and five years of age. In a long-term follow-up of 12-year-old adolescents, severe brain injuries were shown to have the strongest association with adverse cognitive sequelae, but 24% of the subjects with severe brain injuries developed normally without any support from school services (6) . These findings indicate the difficulty of estimating the prognosis of individual EPT infants, partly because many of the adolescents who have poor outcomes do not have just one morbidity. In the multivariate model, BPD, severe ROP and brain injuries were associated with a similar magnitude of poor outcomes and similar adjusted odds ratios after adjustments were made for birthweight, gestational age and sex (Table 3) . In their large multicentre study on extremely low birthweight children at five years of age (27), Schmidt et al. reported a strong association between the morbidity count, based on BPD, severe ROP and brain injuries, and the outcome. The authors reported a constantly multiplying increment in the odds ratio for poor outcome when they added each morbidity. Applying the same model to our cohort showed that the odds of developing a poor outcome doubled with any two major morbidities, but increased almost eightfold when all three morbidities were present. These findings were similar to our earlier study (28) , and there are two possible reasons for this. The first is the small sample size and the second is that when adolescents who were born EPT had all three major morbidities, they may have been more vulnerable to poor outcomes than the babies featured in the earlier study of five-year-old children by Schmidt et al., (27) whose gestational age was three weeks higher when they were born. Fortunately, it had been consistently reported that it was uncommon for all three major neonatal morbidities to occur together (25) (26) (27) (28) . In the current study, poor outcome was not related to birthweight, gestational age and sex. (Table 3 , Fig. 2 ). These three confounders did not affect the prognostic ability of the morbidity count, which was Table 3 Relationship between neonatal morbidities and morbidity count with poor outcome (n = 140) and with severe disability in survivors at 10-15 years of age (n = 132 Morbidity count comprises the number of morbidities of BPD, brain injury or severe ROP. § Derived from logistic regression adjusting for morbidity count, each of the three perinatal confounders namely sex, birthweight category (<750 g vs ≥750 g) and gestational age category (23 and 24 weeks vs 25 weeks) in models 1, 2 and 3, respectively, and a respective interaction term.
independently associated with poor outcome in each of the two strata of gestational age, birthweight or sex. From our findings, and from similar observations reported by other studies (25, (27) (28) (29) , we can speculate that major morbidities have a greater effect on causal pathways, leading to poor outcome, than gestational age, birthweight or sex in this narrow range of 23-25 weeks of gestation. The presence of NDD provides insufficient information about the functional health status and special healthcare needs of children. We employed a noncategorical approach, independent of any clinical diagnosis, using the QUICCC instrument. This allowed us to assess the impact of major neonatal morbidities on the subjects' day-to-day functioning at 10-15 years of age and on the special healthcare needs of adolescents born EPT, with and without NSIs. The QUICCC covers most of the elements contained in the World Health Organization's international classification of functioning and disability, which includes limitations in body and structure, personal activities (30) . Furthermore, characterising illness in childhood by measuring functional limitations and special healthcare needs, rather than specific diagnoses, is an important approach in situations where interventions improve the performance of tasks, regardless of the underlying pathology. This approach is similar to the disability strategy of the World Health Organization. In our cohort, many of the consequences of chronic conditions were associated with BPD, severe ROP or brain injuries in the univariate analyses. These included functional limitations, such as mental or emotional delays, the need for special services and spending reduced time and effort on activities, including being unable to play sports. It also included special arrangements in mainstream schools, fulltime separate classroom instructions, physical, occupational or other therapy and individual rehabilitation plans (18) . In the multivariate models, the risk of having more than one consequence from chronic conditions in all three domains of the QUICCC was significantly higher among EPT children with BPD and brain injuries in the whole cohort and for BPD in the NSI-free children. Over the past two decades, there has been genuine concern about the high rates of BPD, severe ROP and brain injury in EPT survivors (1) . Research into therapies that reduce these morbidities will improve outcomes.
CONCLUSION
This study looked at children born EPT when they reached 10-15 years of age and examined poor outcomes and chronic conditions. We found that BPD, severe ROP and brain injuries independently predicted the risk of poor outcomes and were related to many of the consequences of chronic conditions, including functional limitations and special healthcare needs. Having three major neonatal morbidities was a significant prognostic indicator of poor outcome for adolescents who were born EPT -within the narrow gestational range of 23-25 weeks -and received active perinatal care that meant they survived to a PMA of 36 weeks. However, birthweight, gestational age and sex were not associated with poor outcomes, namely late death after 36 weeks of PMA or a severe NDD. It is noteworthy that the majority of the EPT adolescents in the present cohort did not have a severe NDD. The rates of BPD, severe ROP and brain injuries in infants born at <26 weeks have remained consistently high or significantly increased.
Research to prevent the complications that follow premature birth is critical and may improve overall outcomes. 
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Table S1
Univariate relationship between neonatal morbidities that occurred in isolation and components of severe neurodevelopmental disability at 10-15 years of age.
